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What is Claimed is: 




A method for modeling the inputs and outputs integrated circuits, comprising 

the step i of: ^ 

represent! n^^^e^pjejthe output characteristics of^^cjrcujts.by 
twb types of elements^ switching and non-switching; 
tabulating the output characteristics for each of the elements by applying 
a DG voltage source on the output of the driver^and measuring the J 
current through each element; ^ ^ 1 ^ 

representing(jnThe ^inoc^ elements as.Kvoltage-time 

controlled resistors by_obtaining ffieTpnodij^ a 
function nfynltage. and a scalar t hat -is.a.furiction^of-timerand 
embeddinq inCthe model equations that are functions ofjaputjgqe arrival 
timei_and x ycLe.tlrn e, for each scaiar^ype^ " * 

[c2] The method of claim 1 also comprising the step of : ^ u_r^l^ , 

accounting jfor variations in temp_ejaturejgd supply voltages, deyice_DC 
characteristic ^nbe^obtained from /the dc _base^according to the equation:, 
dcjmpedance = (1 +DO)*dc_base, where DO is a function of supply voltage and 
temperature 

of claim 1 where the step of re p re sentingjisra voltage time 
controlled resistor also comprises the step of: normalizing. the tjrnej:on,tr.olled 
impedance to the dcjmpedance to produce a time^varyjng^scalar independent 



[c3] The method 



otthejoad^ 

[c4] The method of claim 1 where sucK'representation of the voltage-time controlled 

resistor is obtained starting with a midpoint of the input transition. ^ 



[c5] The method of claim 1 also comprising the step of saving the scalars in a 

i 

tabular fomiat. 



[c6] The method of claim 1 also comprising the step of making wave-forms for the 

switching elements periodic in definitions as functions of periodic rising and 
falling input edge arrival times. 

fc7] The method of claim 1 also comprising the step of applying ^indexing equations -j 
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[c8] x 



[c9] 



15 

to account for variations in environmental conditions. 

The method of claim 7 wherein the environmental conditions are slew rate, 
temperature or supply voltage. 

The method of claim 1 where the switching elements reflect composite transient 
L impedance behavior of a pull-up or pull-down network that are comprised of a 
plurality of FETs and parasitics. 



ry 



[clO] 



[ell] 




[c13] 



The method of claim 1 where the non-switching elements are an ESD device and 
a power clamp. 

TheVethod of claim 1 where the method also comprising the steps of obtaining 
behavioral characteristics for a pre-drive current stage and a decoupling stage 
and applying them to the model. 



\ 



A method for modeling the inputs and outputs integrated circuits, comprising 

\ < 
the steps of: 

representingJn^he^mpdel the output characteristics of driver circuits by 
two types of elements, switching and non-switching; 
tabulating the output characteristics for each of the elements by applying 
a DC voltage source on the output of the driver and measuring the 
current through each element; 

representing in the model switching elements as a voltage-time 
controlled resistors by obtaining the product of DC fr:ond uctance)as a 
function of voltage and a scalar that is a function of time; and 

embedding in the model equations that are functions of input edge arrival times 

\ 

and cycle time for each scalar type. 

y \ 

The^rfiethod of claim\ 2 also comprising the step of : 
accounting for variations in temperature and supply voltages jdevice 
characteristic/carfbe obtained from the debase according to the equation: 
dc.conductance = (1 +r\o)*dc_base, where DO is a function of supply voltage 
and temperature 



[cl4] 



The method of claim 1 2 where the step of representing as a voltage time 
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[c23] 



controlled resistor also comprises the step of: normalizing the time controlled 
conductance to the dc conductance to produce a time-varying scalar 
dependent of the load used during characterization. 




[cl 5] Tfie method of claim 1 2 where such representation of the voltage-time 

itrolled resistor is obtained starting with a midpoint of the input transition. 

i 

[cl 6] TheVnethod of claim 1 2 also comprising the step of saving the scalars in a 

tabulkr format. 

[cl 7] The method of claim 1 2 also comprising the step of making wave-forms for the 

switching elements periodic in definitions as functions of periodic rising and 
falling inpYit edge arrival times. 

The methodVof claim 1 2 also comprising the step of applying indexing 
equations to account for variations ir^enyiron mental conditions. 

The method oficlaim 18 wherein the environmental conditions are slew rate, 
temperature or supply voltage.//*, / 

The method of claim 1 2 where the switching elements reflect composite 
transient conducta\ce behavior of a pull-up or pull-down network that are 
comprised of a plurality of FETs and parasitics/J) 

[c21] The method of claim l\2 where the non-switching elements are an ESD device 

and a power clamp. 

[c22] The method of claim 1 2 where the method also comprising the steps of 



obtaining behavioral characteristics for a pre-drive current stage and a 
decoupling stage and applying them to the model. 



A circuit which is used to model integrated circuits which comprises: 
switching elements connected serially as voltage-time controlled 
resistors, one of the conductive elements act^io pull voltage up, the 
other conductive elementstaW~t?> pulls the voltage down ; and 
non-switching elements connected serially as resistors, one representing 
power structures and the otrffer representing ground clamping structures; 
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each of the switching elements tied to input stage and both the switching 
and non-switching elements.tied to an output 

[c24] The cirtuit of claim 23 which also comprises^ pre^driye ^tagecoupjed to the 

switching elements and a decoupling stage tied to the switching a nd non- 
switchirig elements and the pre-drive stage. 

[c25] The circuit of claim 24 where a fixed value element is used to represent the 

pre-drive or decoupling^stage. 

[c26] The circuit of claim 24 where a non-switching element that is a function of 

parameters that not vary in tim e is used to r epr esent the .pxe-djjye or 
decoupling stage. 

[c27] The circuit of claim 24 where a switching eleme nt w hjch is a function of both 

time and nbn-time varying parameters is used to represent the pre-drive or 
decouplinglstage. 



A method for modeling the inputs and outputs integrated circuits, comprising 
the steps of: 

representing in the model the output characteristics of driver circuits by 
two types of elements, switching and non-switching; 
tabulating the output characteristics for each of the elements by applying 
a DC voltage source on the output of the driver and measuring the 
current Ihrough each element; 

representing in the model switching elements as a voltage-time 
controlled resistors by obtaining the product of DC conductance or 
impedance as a function of voltage and a scalar that is a function of time; 
accountingUor variations in input slew rate, temperature, and supply 



voltages where device turn-on characteristic can be obtained from 
device_turn_on _base according to the equation: 
device_turn_o , n = device_turn_on_base + (KO + Kl*max 
(device_turn_dn_base -K2, 0)) , where KO, Kl , and K2 are functions of 
supply voltagelinput slew rate, and temperature; 
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Recounting for variations in temperature and supply voltages, device DC 
characteristic can be obtained from the debase according to the 
equation: dc_impedance (conductance) = (1 +D0)*dc_base, where DO is a 
function of supply voltage and temperature; and 

embedding in the model eq uatjojTsj hat arej unctions-ofj n p.ut.edge arrival 
times and cycle time for each scalar type. 

[c29] A method for modeling the inputs and outputs integrated circuits, comprising 

the steps of:\ 

representing in the model the output characteristics of driver circuits by 
two types of elements, switching and non-switching; 
tabulating the output characteristics for each of the elements by applying 
a DC voltage source on the output of the driver and measuring the > 
current through each element; 

representing in the model switching elements as a voltage-time 
controlled resistors by obtaining the product of DC conductance or 
impedance as a function of voltage and a scalar that is a function of time; 
accounting foV variations in input slew rate, temperature, and supply 
voltages, device turn-on characteristic can be obtained from 
device_turn_on\.base according to the equation: 
device_turn_on \ device_turn_on_base + (KO + Kl*max 
(device_turn_on_base -K2, 0)) , where KO, Kl , and K2 are functions of 
supply voltage, inp^ut slew rate, and temperature; 
accounting for variations in temperature and supply voltages, device DC 
characteristic can be obtained from the dc_base according to the 
equation: dcJmpedaVice(conductance) = (1 +D0)*dc_base, where DO is a 
function of supply voltage and temperature; and 

embedding in the moclel equations that are functions of input edge arrival 
for eac 



'Co/- 



times and cycle time for^ach scalar type. 
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